Abstract. Metastasis is frequently observed in human follicular thyroid carcinoma. The present study investigated the peroxisome proliferator-activated receptor γ agonist, 15-deoxy-Δ 12,14 -prostaglandin J 2 (15d-PGJ 2 ), and its effect on the migration of CGTH W-2 human thyroid carcinoma cells. 15d-PGJ 2 decreased the survival rate of CGTH W-2 cells in a dose-dependent manner. The Transwell migration assay demonstrated that 15d-PGJ 2 reduced the migration rate of CGTH W-2 cells by 35% following treatment with 30 µM 15d-PGJ 2 compared with control cells. The cell adhesion assay indicated that, following 15d-PGJ 2 treatment for 24 h, cell adhesion decreased by 26% compared with the control group. The expression levels of focal adhesion proteins, including integrin β1, phospho-focal adhesion kinase and p-paxillin, were downregulated following treatment with 15d-PGJ 2 . Immunostaining revealed that the puncta of vinculin were reduced and the actin stress fiber was disassembled following 15d-PGJ 2 treatment. By contrast, p120-catenin (p120-ctn) and β-catenin levels staining accumulated in the region of the lamellipodium following 15d-PGJ 2 treatment. Membrane fractionation revealed that p120-ctn and N-cadherin were decreased in the cell membrane, but increased in the cytoplasm of 15d-PGJ 2 -treated cells. Therefore, 15d-PGJ 2 inhibited human thyroid carcinoma cell migration and this may be due to the impairment of focal adhesion complexes and the accumulation of p120-ctn in the cytoplasm in the region of the lamellipodium.
Introduction
Thyroid carcinoma was identified as one of the 5 most prevalent types of cancer developing in females from Taiwan, and thyroid carcinoma is a common type of endocrine malignancy (1) . The majority of thyroid carcinomas are differentiated thyroid carcinomas, which include follicular and papillary subtypes (2) . Lung and bone metastases are frequently observed in follicular thyroid carcinoma (3) , and the increase of pair box 8-peroxisome proliferator-activated receptor γ (PPARγ) fusion proteins, which inhibit the normal function of PPARγ, is common in thyroid carcinoma (4) . Low expression levels of PPARγ are correlated with poor thyroid tumor differentiation and higher proliferative activity (5) . Additionally, activation of PPARγ inhibits cancer cell growth in follicular and anaplastic thyroid carcinoma cells (6) . PPARγ agonists have been reported to reverse the process of the epithelial-mesenchymal transition (EMT) and reduce the migration of thyroid cancer cells (7) . In anaplastic and follicular thyroid carcinoma cells, N-cadherin replaces the role of E-cadherin and exhibits functionality as part of N-cadherin/β-catenin complexes (8) . However, the mechanisms underlying the effects of PPARγ on cell migration and the role of N-cadherin in thyroid carcinoma cells require further study.
The loss of cell-cell adhesion and the decreased number of cell-matrix junctions promotes cancer cell migration and invasion (9) . The EMT is a major pathologic cause of tumor malignancy and is usually accompanied by the loss of E-cadherin (10) . Follicular and anaplastic thyroid carcinoma cells that lack E-cadherin expression, instead expressing N-cadherin, may contribute to the formation of cadherin/catenin complexes that promote tumor migration and invasion (11, 12) . Catenins are armadillo-family proteins, including α-, β-, γ-and p120-catenins, that serve an important role in bridging cadherin to microfilaments (13) . A previous study reported that p120-catenin (p120-ctn) regulates cell motility through the reduction of Rho GTPase activity (14) . The PPARγ agonists, pioglitazone and rosiglitazone, inhibit cell growth and invasion via blocking β-catenin (β-ctn) in human glioma cells and colorectal cancer cells, respectively (15, 16) . The role of adherens junctions in the action of PPARγ agonists in thyroid carcinoma cells remains to be elucidated.
The remodeling of cell-matrix junctions by the integrin-regulated signaling pathway and focal adhesion complexes contribute to tumor cell migration and invasion (17) . The focal adhesion complex proteins include focal adhesion kinase (FAK), Src, paxillin, talin and vinculin (18) . FAK controls cell migration and invasion through overexpression or activation by Src, which phosphorylates FAK (19) . A previous study reported that the PPARγ agonists ciglitazone and 15-deoxy-Δ 12,14 -prostaglandin J 2 (15d-PGJ 2 ) induced apoptosis and reduced FAK and paxillin phosphorylation, in human thyroid carcinoma cells (20) . The current study further investigates the effects of PPARγ agonist on cell migration in metastatic thyroid carcinoma.
Materials and methods
Cell culture. The CGTH W-2 cell line is derived from metastatic thyroid follicular carcinoma from a Chinese patient in Taiwan, and was a gift from Dr Jen-Der Lin (21) . The cells have a doubling time of 18 h and have lost the majority of their iodine-concentrating ability and the capacity for thyroglobulin synthesis. The cells were grown in RPMI-1640 supplemented with 10% fetal bovine serum (FBS), 1 mM sodium pyruvate, 100 IU/ml of penicillin and streptomycin (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) in a humidified atmosphere containing 5% CO 2 at 37˚C. The rat fibroblasts were minced in Ca 2+ /Mg 2+ -free Hank's balanced salt solution from ventricles (HBSS; Gibco; Thermo Fisher Scientific, Inc.), then incubated for 15 min at 37˚C with a mixture of 0.5 mg/ml of collagenase type II (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) and 0.6 mg/ml of pancreatin (Sigma-Aldrich; Merck Millipore) in HBSS. The digestion was repeated a further 2 times with fresh enzyme mixture, then the combined cell suspensions from the digestions were mixed with an equal volume of ice-cold plating medium consisting of minimal essential medium (Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS, 100 IU/ml of penicillin, and 100 µg/ml of streptomycin (Gibco; Thermo Fisher Scientific, Inc.), and centrifuged at 1,000 x g for 10 min at room temperature, then the cells were resuspended in plating medium for 1 h at 37˚C to collect fibroblasts.
Cell survival assay. Thyroid carcinoma cells were plated at 2x10 4 cell/well in 24-well plates and cultured for 24 h at 37˚C with 10, 20, 30, 40 and 60 µM 15d-PGJ 2 (Sigma-Aldrich) in the presence of 10% FBS prior to assaying for cell viability. Following two washes with PBS (137 mM NaCl, 2.7 mM KCl, 1.5 mM KH 2 PO 4 , 8 mM Na 2 HPO 4 ; pH 7.4), 500 µl RPMI containing 0.5 mg/ml MTT reagent (Sigma-Aldrich; Merck Millipore) was added to each well, then incubation was continued for 4 h at 37˚C to allow the conversion of the substrate into purple formazan product. The medium was removed and the cells were lysed with dimethyl sulfoxide (DMSO) and the absorbance was measured at a wavelength of 590 nm measured by a spectrophotometer (Beckman Coulter, Inc., Brea, CA, USA).
Apoptosis assay. The CGTH W-2 cells were treated with DMSO or 30 mM 15d-PGJ 2 for 24 h at 37˚C, washed with PBS and fixed for 5 min in 5% formalin and 0.5% Triton X-100 at room temperature. The cells were washed with PBS, stained for 15 min at room temperature with 1 µg/ml DAPI (Sigma-Aldrich; Merck Millipore) in 0.9% NaCl and mounted using mounting medium (Sigma-Aldrich; Merck Millipore). Apoptotic cells were identified using the presence of chromatin condensation or apoptotic body formation by a Zeiss epifluorescence microscope (Carl Zeiss AG, Oberkochen, Germany) equipped with a Nikon DIX digital camera (Nikon Corporation, Tokyo, Japan). All experiments were performed in triplicate and >100 cells were examined.
Transwell assay. To determine migratory ability, 1x10
5 CGTH W-2 cells were seeded in the upper chamber of a Transwell apparatus with an 8 mm pore polycarbonate membrane (Costar ® ; Corning Incorporated, Corning, NY, USA). Following cell attachment, the cells were cultured in growth medium, with or without 30 mM 15d-PGJ 2 (Enzo Life Sciences, Inc., Farmingdale, NY, USA), for 24 h at 37˚C. Following removal of the cells on the upper side of the polycarbonate membrane using a cotton swab, the cells on the lower side were fixed for 10 min in 10% formalin and stained for 5 min at room temperature with Coomassie brilliant blue G250 (Sigma-Aldrich; Merck Millipore). The numbers of migrated cells were imaged using an upright bright-field microscope (Nikon Corporation) and analyzed by ImageJ (version 1.64r; National Institutes of Health, Bethesda, MD, USA) in 3 randomly selected fields for each membrane and triplicate membranes examined for each experimental group.
Wound healing assay. The CGTH W-2 cells were grown to confluence as monolayer. The cells were scratched using a P200 pipette tip and imaged as previously described (22) . Following 24 h treatment with DMSO or 30 mM 15d-PGJ 2 at 37˚C, the wound healing was imaged using an upright bright-field microscope (Nikon Corporation) and analyzed by ImageJ. Images are representative of three separate experiments.
Adhesion assay. Following treatment with DMSO (control) or 30 µM 15d-PGJ 2 at 37˚C, CGTH W-2 cells were suspended and plated on fibronectin-coated or non-coated dishes as described previously (11) . The cells were allowed to adhere for 15 min at 37˚C and the medium and non-adhered cells were subsequently discarded. Following PBS washes, the adhered cells were examined using an inverted bright-field microscope (Nikon Corporation) and the number of cells in 3 random fields were counted.
Immunofluorescence microscopy. Following DMSO or 30 µM 15d-PGJ 2 treatment at 37˚C, the CGTH W-2 cells were washed with PBS, then fixed for 5 min with 10% formalin in PBS and permeabilized for 10 min with 0.1% Triton X-100 in PBS at room temperature. Following the PBS washes (3 times for 5 min each), nonspecific binding was blocked with a 30 min incubation at room temperature with 5% non-fat milk in PBS. The cells were incubated overnight at 4˚C with monoclonal mouse antibodies against p120-ctn (dilution, 1:100; cat. no., 610133) or β-ctn (dilution, 1:100; cat. no., 610153; BD Biosciences, Franklin Lakes, NJ, USA), or vinculin (dilution, 1:100; cat. no., V4505; Sigma-Aldrich; Merck Millipore) washed with PBS and incubated for 1 h at 37˚C with fluorescein isothiocyanate (FITC)-conjugated secondary antibodies (dilution, 1:50; cat. no., 715-095-151; Jackson ImmunoResearch Laboratories, Inc., West Grove, PA, USA). For F-actin labeling, the cells were incubated with FITC-phalloidin (dilution, 1:100; cat. no., P5282; Sigma-Aldrich; Merck Millipore). Finally, the cells were washed with PBS, mounted with Gel Mount™ Aqueous mounting medium (Sigma-Aldrich; Merck Millipore) and detected using a fluorescent microscope (DM2500; Leica Microsystems GmbH, Wetzlar, Germany) and images were captured using a Nikon D1X digital camera (Nikon Corporation, Tokyo, Japan).
Western blotting. Following DMSO or 30 µM 15d-PGJ 2 treatment for 24 h at 37˚C, CGTH W-2 thyroid carcinoma cells were washed with PBS and homogenized in lysis buffer for 10 min at 4˚C (10 mM ethyleneglycoltetraaceticacid, 2 mM MgCl 2 , 60 mM piperazine-N,N'-bis(2-ethanesculforic acid), 25 mM 4-(2-hydroxethyl)-1-piperazineethanesulfonic acid, 0.15% Triton X-100, 1 µg/ml pepstatin A, 1 µg/ml leupeptin, 1 mM NaF and 1 mM phenylmethylsulfonyl fluoride). Subsequently an equal volume of sample buffer (0.25% bromophenol blue, 0.5 M dithiothreitol, 50% glycerol, 10% SDS) was added and the mixture was heated at 90˚C for 3 min. Proteins (60 µg per lane) were electrophoresed by 10% SDS-PAGE and transferred to a nitrocellulose membrane (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Strips from the membrane were blocked by incubating for 30 min at room temperature with 5% non-fat milk in TBS (pH 8.2) containing 0.1% Tween (TBST) and incubated overnight at 4˚C with a 1:1,000 dilution of monoclonal mouse antibodies against integrin β1 (cat. no., 610467), FAK (cat. no., 610087), paxillin (cat. no., 610051), N-cad (cat. no., 610920), p120-ctn (cat. no., 610133; BD Biosciences), vinculin (cat. no., V4505) or β-actin (cat. no., A3854; Sigma-Aldrich; Merck Millipore), or a 1:500 dilution of rabbit antibodies against phosphorylated FAK (cat. no., 44-624G), phosphorylated paxillin (cat. no., 44-720G; Thermo Fisher Scientific, Inc.) and a 1:1,000 dilution of GAPDH (cat. no., 2251-1), Na + /K + ATPase (cat. no., 2047-1; Epitomics, Burlingame, CA, USA) in TBST. Following TBST washes, the strips were incubated for 2 h at room temperature with 1:7,500 dilution of alkaline phosphatase-conjugated anti-mouse (cat no., S3721) or anti-rabbit immunoglobulin G antibodies (cat. no., S3731; Promega Corporation, Madison, WI, USA) and bound antibody was visualized using nitro blue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate (Sigma-Aldrich; Merck Millipore) as the chromogen. The density of the bands on the nitrocellulose membrane was quantified with densitometry using Gel Pro 3.1 (Media Cybernetics, Inc., Rockville, MD, USA). The density of the band in the control sample was taken as 100% and the density of the band in the test sample was expressed as a percentage of the control density. All the experiments were performed ≥3 times and the data are expressed as the mean ± standard deviation.
Membrane fractionation. Following treatment with DMSO or 30 µM 15d-PGJ 2 for 24 h at 37˚C, CGTH W-2 thyroid carcinoma cells were washed with PBS and ultrasonicated for 2 periods of 10 sec in immunoprecipitation buffer (50 mM Tris-HCl, 1% Triton X-100, 0.25% sodium deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, 1 mM NaF, 1 mM Na 3 VO 4 , 1 mg/ml each of aprotinin, leupeptin and pepstatin; pH 7.4). The suspension was centrifuged at 20,000 x g for 30 min at 4˚C and the supernatant was used as the Triton-soluble portion. Membrane and cytosolic fractions of cell lysates were analyzed for N-cadherin and p120-ctn expression using western blotting following 15d-PGJ 2 or DMSO treatment.
Statistical analysis.
All the results are expressed as the mean ± standard deviation. Statistical differences between means were assessed using the Student's t-test in GraphPad Prism (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference. 
Results

15d-PGJ 2 reduces migration in CGTH W-2 cells.
The effect of 15d-PGJ 2 on cell viability in human CGTH W-2 thyroid carcinoma cells was evaluated with the MTT assay. The results demonstrated that treatment with 20 and 30 µM 15d-PGJ 2 reduced cell viability by 20 and 25%, respectively, compared with untreated CGTH W-2 cells (Fig. 1A) but this was not replicated in rat fibroblasts (Fig. 1B) . The survival rate of CGTH W-2 cells declined further with the increased concentration of 15d-PGJ 2 (P=0.02, Fig. 1A) . Additionally, the reduced survival rate of CGTH W-2 cells was not due to the apoptotic effect by 30 µM 15d-PGJ 2 (9%) due to a lack of difference in the percentage of apoptotic cells assayed by nuclear DAPI staining (Fig. 1C) .
The effect of 15d-PGJ 2 on cell migration was assayed using a Transwell migration and a wound healing assay. Following treatment with 30 µM 15d-PGJ 2 for 24 h, the migration rate of thyroid carcinoma cells was significantly reduced by 35% compared with the DMSO control group (P=0.0004, Fig. 2A) . The wound healing ability of CGTH W2 cells was also impaired upon treatment with 15d-PGJ 2 (Fig. 2B) .
15d-PGJ 2 decreases cell adhesion in CGTH W-2 cells.
The effect of 15d-PGJ 2 on the adhesive ability of CGTH W-2 cells was investigated using an adhesion assay. Following a 24 h treatment with 15d-PGJ 2 , CGTH W-2 cells were plated onto an uncoated or fibronectin-coated dish. As presented in Fig. 3A , 15d-PGJ 2 treatment reduced the adhesive ability to 74% of that of the control group (P=0.0075). The current study hypothesized that the adhesion function of integrin was impaired using 15d-PGJ 2 treatment as fibronectin is a substrate of integrin (23) . The expression levels of proteins in the focal adhesion complex were analyzed. This data demonstrated that treatment with 15d-PGJ 2 was significantly associated with the decline of protein expression levels of integrin β1, p-FAK and p-paxillin in CGTH W-2 cells (P=0.04, Fig. 3B ). Therefore, 15d-PGJ 2 reduced the adhesive ability of CGTH W-2 thyroid carcinoma cells and this may be due to the reduced phosphorylation of the focal adhesion complex.
The effect of 15d-PGJ 2 on vinculin and actin stress fibers. To understand the distribution of focal adhesion complex proteins and actin stress fibers, CGTH W-2 cells were double stained with vinculin and phalloidin. Following 15d-PGJ 2 treatment, the puncta staining at the periphery and on the ventral side of the cells was decreased, as was the protein staining of vinculin (Fig. 4A) . A reduction in the assembly of cortical actin stress fibers was also observed by 30 µM 15d-PGJ 2 treatment (Fig. 4A) . The protein expression levels of vinculin were significantly decreased following 15d-PGJ 2 treatment (Fig. 4B) .
The distribution of p120-ctn and β-ctn were affected by 15d-PGJ 2 . The expression levels and distribution of p120-ctn was examined, as cell lamellipodia and actin stress fibers are reported to be regulated by p120-ctn (10). The CGTH W-2 cells were polygonal and the distribution of p120-ctn was predominantly at the cell junctions. Following 15d-PGJ 2 treatment, membrane ruffles formed at the edge of the cells and p120-ctn accumulated (Fig. 5A) . The formation of lamellipodia and associated protein accumulation were also detected following β-ctn staining (Fig. 5A) . The protein expression levels and the distribution of p120-ctn was investigated using western blot analysis. The total protein expression of N-cadherin and p120-ctn were unaffected by 15d-PGJ 2 treatment (Fig. 5B) . However, N-cadherin and p120-ctn were elevated in the cytosolic portion (P=0.04) and decreased in the membranous portion (P=0.03) following 15d-PGJ 2 treatment (Fig. 5C ). These data indicate that 15d-PGJ 2 may alter the levels of p120-ctn present in the cell membrane compared with p120-ctn levels in the cytoplasm.
Discussion
CGTH W-2 cells lack E-cadherin (12) and therefore, N-cadherin and p120-ctn were investigated to identify the underlying mechanisms of 15d-PGJ 2 inhibition in cell migration. Notably, the downregulation of membranous N-cadherin and p120-ctn may lead to a decrease in cell migration in CGTH W-2 cells. Membrane expression levels of p120ctn may control cell spreading and cadherin adhesion (24) . Following 15d-PGJ 2 treatment, the membranous levels of p120-ctn were reduced, implying that the impairment of cell spreading and adherens junction formation in CGTH W-2 thyroid carcinoma cells may be regulated by p120-ctn. Additionally, cadherin-mediated adhesions may depend on the presence of a functional actin cytoskeleton (24) . 15d-PGJ 2 treatment was associated with actin disassembly at the ventral section and the periphery of thyroid carcinoma cells, indicating that p120-ctn inhibition may disrupt cadherin-mediated adhesion.
In the majority of tumor cells, N-cadherin displaces E-cadherin during the EMT (25) . N-cadherin has several functions that are distinct from the functions of E-cadherin, including fibroblast growth factor receptor 1 activity stimulation, which leads to cell invasion and heterotypic cell-cell adhesions (26) . These functions are important for tumor invasion and metastatic dissemination (27) . The present study demonstrated that the levels of membrane-associated N-cadherin and cell migration were decreased following treatment with 15d-PGJ 2 , and that the mobility of thyroid carcinoma cells was affected by the PPARγ agonist. 15d-PGJ 2 treatment reduced the survival rate and migration of CGTH W-2 cells, and the reduced cell survival is not accounted for solely by the increase in apoptosis at 30 µM. 15d-PGJ 2 has been reported to suppress proliferation in several cancer cell types, including renal cell, bladder and prostatic carcinoma cells (28) . In human bladder carcinoma, 15d-PGJ 2 at a dose of 10 µM for 72 h reduced the cell survival by 90% compared with the control group (29) . PPARγ agonists have been reported to block migration in several types of cancer cells (15, 30) . Pioglitazone, a ligand of PPARγ, suppresses human glioma cell proliferation and migration and triggers glioma cell apoptosis (15) . Ciglitazone, a synthetic PPARγ agonist, has been reported to decrease cell migration and invasion in human glioma and melanoma cells via metalloproteinase (MMP)-2 and MMP-9 inactivation and suppression (30) . The current study revealed that the reduced cell survival following 15d-PGJ 2 treatment may not be due to apoptosis, but may be associated with the reduction of cell proliferation in CGTH W-2 cells.
A number of previous studies have investigated 15d-PGJ 2 , reporting that it may inhibit cell migration and alter F-actin structure in mouse mammary adenocarcinoma cells (31, 32) . The current study demonstrates that the migratory and adhesive abilities of human thyroid carcinoma were impaired following 15d-PGJ 2 treatment. The 15d-PGJ 2 treatment reduced the expression levels of focal adhesion proteins, including integrin β1, phosphorylated FAK, phosphorylated paxillin and vinculin, and also decreased the migration and adhesion of CGTH W-2 cells. Additionally the actin stress fibers were altered following 15d-PGJ 2 treatment. Actin filaments are also important to the activation of vinculin, an actin filament binding protein (33) .
In conclusion, 15d-PGJ 2 reduced the migration of CGTH W-2 human thyroid carcinoma cells in a Transwell assay and a wound healing assay. The impaired migration may be due to the inactivation of focal adhesion complex, which decreased the cell adhesive ability following 15d-PGJ 2 treatment. Cell lysates were analyzed for N-cadherin, p120-ctn expression using western blotting of CGTH W-2 cells following 15d-PGJ 2 or DMSO treatment for 24 h. GAPDH was used as a loading control. (C) Membrane and cytosolic fractions of cell lysates were analyzed for N-cadherin and p120-ctn using western blotting in CGTH W-2 cells following 15d-PGJ 2 or DMSO treatment for 24 h. GAPDH and Na + /K + ATPase were used as loading controls. 15d-PGJ 2 , 15-deoxy-Δ 12,14 -prostaglandin J 2 ; DMSO, dimethylsulfoxide; p120-ctn, p120-catenin; β-ctn, β-catenin; N-cad, N-cadherin; ATPase, adenosine triphosphatase.
